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We report here the molecular clonings tissue distri- 
bution» and chromosomal localization of novel genes 
encoding G-protein-coupled receptors (GPCRs). A 
search of a mouse database of expressed sequence tags 
revealed an EST partially encoding a GPCR, which 
was used to screen a mouse genomic library to obtain 
the translational open reading frame (ORF). The resul- 
tant clone^ GPR27, contained an intronless ORF, en- 
coding a receptor of 379 amino acids. In an alternate 
strategy, human genomic DNA was subjected to poly- 
merase chain reaction (PGR) amplification, using de- 
generate oligonucleotides based on GPRl. Two PGR 
products partially encoding GPGRs were isolated and 
used to screen a genomic library to obtain the transla- 
tional ORF. One of the resultant clones, GPR30, con- 
tained an intronless ORF encoding a receptor of 375 
amino acids. The other clone, GPR35, also contained 
an intronless ORF encoding a receptor of 309 amino 
acids. Transcripts corresponding to GPR27 and GPR30 
were detected in several areas of human and rat CNS, 
while GPR35 expression was detected only in the rat 
intestine. Through fluorescence in situ hybridization 
analysis the gene encoding GPR30 was localized to 
chromosome 7p22 and GPR35 to chromosome 2q37.3. 
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G-protein-coupled receptors (GPCRs) are membrane 
proteins and are the targets for a wide array of endoge- 
nous molecules encompassing small molecule neuro- 
transmitters, glycoprotein hormones, chemokines, 
odorants, and neuropeptides, and they are also affected 
by light. The receptors and their ligands mediate a 
range of physiological processes, including feeding, re- 
ward, learning, mood, pain, movement, vision, smell, 
and chemotaxis. Many of the genes encoding GPCRs 
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that bind known ligands have been cloned; however, 
molecular cloning techniques have identified a growing 
list of genes encoding GPCRs for which the endogenous 
ligands are not known; these are referred to as orphan 
receptors. At least 50 novel genes encoding orphan 
GPCRs have been identified and have been published 
or submitted to GenBank. We have reported the clon- 
ing of 20 novel genes encoding orphan receptors, many 
of which are expressed in the central nervous system, 
including APJ (13); GPRl, GPR2, and GPRS (11); 
GPR4, GPRS, and GPR6 (6); GPR7 and GPRS (14); 
GPR9, GPRIO, and GPR14 (12); GPR15 (7); GPR19 
(15); GPR20, GPR21, GPR22, and GPR23 (16); GPR24 
(9); and GPR25 (8). Both GPRl and GPR15 have re- 
cently been identified as coreceptors for simian immu- 
nodeficiency virus infection (2, 3). In our continuing 
effort to identify novel genes encoding GPCRs, we now 
report the cloning and the tissue distribution of 
GPR27, GPR30, and GPR35 and the chromosomal lo- 
calization of GPR27 and GPR35. GPR30 and GPR35 
were obtained using oligonucleotides based on the se- 
quence of GPRl. 

We queried the dbEST maintained by the NCBI with 
the amino acid sequence of the dopamine D4 receptor 
for cDNA sequences encoding novel GPCRs, as pre- 
viously described (15). Several sequences encoding 
novel GPCRs were identified, one of which was re- 
quested from the IMAGE Consortium (10) and is re- 
ported here. This EST (clone ID 402354; GenBank Ac- 
cession No. W78348), was predicted to contain a par- 
tially encoded novel mouse GPCR fi-om TM 5 to the 
stop codon and also the 3 '-untranslated region. This 
cDNA was used to screen a mouse genomic library, 
xmder conditions described previously (11), ultimately 
leading to the isolation of a 10-kb EcoRl and an 8-kb 
Hindlll fragment. It was determined that these frag- 
ments contained the gene GPR27, with a consensus 
sequence for an initiation methionine preceded by an 
upstream in-frame stop codon and followed by an open 
reading frame (ORF) encoding a protein of 379 amino 
acids (Fig. 1). The amino acid sequence of the receptor 



GENOMICS 47, 310-313 (1998) 

ARTICLE NO. GE975095 

0888-7543/98 $25.00 

Copyright © 1998 by Academic Press 

All rights of reproduction in any form reserved. 



310 



SHORT COMMUNICATION 



311 



CPR27 
CPRU 



ilo a a A E A[A]A[t|GrC|n l[7 

-iEHOQYV t cIvjFuJs C L 

slsjo L T W P pQ I K L a F vfX 



-"--TRAWSIIEM8HANE'i:r 



FTjc V srri *(Q7? 



F A L L I V 



UOVTSQARGVGlEMYPGTAHAAAPNTTSPELNLSHPLLGTALAN 4* 

m(m|o T Y s 

'7 'i ' -I'.TO AMSME MBRilWE' 2 4 



era 6 L H R Afe]' 
fIrJe K MfT)l(p|( 

cjc n H Q 0 wItJe t r 



Y L L L OrUC Ll^O L R 
L [y] F I [nt L . A da] 1 ra 



ALA Cftjp Afvllyi 

V A 0 stiJi e[v|F 



LCTLPFVLH 



L A A rJrIa a a a[a]G T P P G A L 

n[i1h eIrIv y 0 ilijv 

s[ijR OTSOTP 



TPAWSMEWBRAWE 



tT]L A F L A A L F C F H A a[fTTU G V g(v jjfti^ tpfl I (jTw) H HFYAEflLAGWPC[73l 
r F M S L F L O V{N^M{Y)$[s|v [F[F]Ly flW M S F O^RrY^ I Ak UfHT A wfRlc S L FfRll K H M A R - 
:[l]s 00 ( Y L T[NjR[vjul6jl slijvlTjA I a [v| D 'R^yI VUl V r|h1 P lIrJa RO l(r)s P R O a[a3 



> THAWSHEMSRAKe < 



AjM L V C A A 
L Sfclo L I 
cIa V L 



aQa t aFaIa f pfpIvQ 

M A 5 V s[a|t I. vjfjF T 



o[g 



A 0 0 E ofAlp [Bale qTrIp o - g a 

Q H T 0 EtAjc Ft6jF A 0 v[r]e V Q W L 



vijv(L]v t C S L V A R Vi{3l|c IOEGGFCFRSTRHN - FN-SUR 




CPR27 
CPRX 
CPRU 



CPftJT LVlEEFKTEKRLCjt 
Gpmo 

GPfOS AEATRKA aIr 



RKMnPARLVPAVSHOWTFMOPGATOQAAANWTAGFGnGPTPPALVGIfiPAGPGHGARRL 

GLflPHROKAL 

VGQ 



217 
174 



274 
2U 

2oa 



XJvJrIp g{a]v P QAYLT 

L QtF<[ T Q P c{a]a PCKQSFRHAMPLTGH 
a[vJo W n{a]c[aJl LE TIRR 



f V W L Tf?|A 0 A 0 ifNjpjv > 

f N L A a[fJs n s[c1l ['w:'p| Lfl 



Y I T S K L S 0 i 



CPR27 IHUJQ F P C C 0 S P OfAl T 0 A T L P(c|0^l^Kla I G L 
CPRM [r|T y I E O K T N L PI aJL N R F C M A a IUK/ Iv 1 P 
GPRU sjAj LAVAPRAKAHKSQOS L@ V T 1.|a] 



OSTEOSOVRFSSAV 



N r E l[r>;mc f ia 

GET f Ir dI k L us 
MAKEFOEA 28t 



179 

m 



FIG. 1. Alignment of the deduced amino acid sequences of the receptors encoded by GPR27, GPR30, and GPR35. Boxed and shaded 
areas indicate identities between any two of the three sequences. The putative transmembrane domain regions are indicated. Gaps 
(-) have been introduced to maximize the alignment between the sequences. The single-letter amino acid code is used to represent 
amino acids. Sequence data have been deposited with the GenBank database under Accession Nos. AF027955 (GPR27), AF027956 
(GPR30), and AF027957 (GPR35). 



encoded by GPR27 was compared with sequences 
within the GenBank database by performance of a 
BLAST search (1). The amino acid sequence encoded 
by GPR27 showed highest identity with the dopamine 
D4 receptor («28% overall) and between 21 and 25% 
overall identity with other members of the dopamine 
and serotonin receptor families, including dopamine 
D5, D2, and D3 and serotonin S-HTza, S-HTzc, S-HTy, 
and S-HTe receptors. The receptor encoded by GPR27 
lacks several amino acid residues considered critical 
for dopamine or serotonin binding, namely, an aspartic 
acid in TM3 and serine residues in TM5. 

We reported the cloning of the gene GPRl encoding 
a receptor (11), showing similarity to the C5a anaphy- 
latoxin receptor (5). GPRl was mapped by FISH analy- 
sis to chromosome 15, region q21.6, and also cross-hy- 
bridized with a locus on chromosome 2 (11). In an at- 
tempt to identify the nature of this cross-hybridization 
and also to isolate novel genes related to GPRl, human 
genomic DNA was subjected to PGR amplification us- 
ing degenerate oligonucleotides designed based on 
sequences encoding TM2 [5'-CTCAA(T/C)(CyT)T(A/G)- 
GC(G/C)AT(A/T)GC (G/C)GA] and TM7 [5'-TAAAG- 
(C/G)ATGGGGTTCA(A/T)GCA(G/A)C(A/T)(A/G)TT] of 
the receptor encoded by GPRl and the C5a anaphyla- 
toxin receptor, under the same conditions as pre- 
viously described (12). This resulted in the identifica- 
tion of three PGR products, each encoding a unique 
GPCR. We have previously reported one of these prod- 
ucts, corresponding to the gene encoding the orphan 
receptor GPR14 (12), while the other two are described 
here. One of these fragments was used to screen a 
human genomic library leading to the isolation of a 
2.5-kb Sad and a 3-kb Xhol fragment. The gene 
GPR30 contained a consensus sequence for an initia- 
tion methionine followed by an ORF encoding a protein 



of 375 amino acids (Fig. 1). A comparison of the amino 
acid sequence encoded by GPR30 with sequences in 
the GenBank database revealed that it had been iden- 
tified by two other groups (4, 17), while this work was 
in progress. The amino acid sequence encoded by 
GPR30 showed highest identity with members of the 
chemoattractant receptor family, namely, formylpep- 
tide receptor FPRLl (^32% overall identity) and for- 
mylpeptide-like receptor FPRL2 («32% overall iden- 
tity), and with chemokine receptor CXCRl {^29% 
overall identity), suggesting that the endogenous li- 
gand may be a chemokine. 

The second PGR fragment was used to screen a hu- 
man genomic library leading to the isolation of a 2- 
kb Kpnl-Clal fragment. The gene GPR35 revealed a 
consensus sequence for an initiation methionine pre- 
ceded by an in-frame upstream stop codon followed by 
an ORF encoding a protein of 309 amino acids (Fig. 1). 
The amino acid sequence encoded by GPR35 showed 
highest identity with the deduced amino acid sequence 
of the orphan receptors encoded by GPR23 {^32% over- 
all identity) and HM74 (^30% overall identity), fol- 
lowed by several members of the P2Y receptor family, 
including P2Yi, and P2Y4, («29% overall identity). 
Although both GPR30 and GPR35 were isolated with 
oligonucleotides derived from GPRl, the receptors 
encoded by each of these genes shared very little se- 
quence identity (less than 26%). Also, the receptor 
encoded by GPR27 shares very little sequence iden- 
tity with the receptors encoded by GPR30 and GPR35 
(less than 24%). 

Northern blot analysis of poly(A) RNA isolated from 
vgurious tissues revealed expression of GPR27 mRNA in 
rat whole brain, hippocampus, striatxmi, frontal cortex, 
thalamus, pons, and hypothalamus (Fig. 2A). A lower 
molecular weight transcript was detected in all regions 
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FIG. 2. Tissue distribution analyses of GPR27 and GPR30. Northern blots of (A) GPR27 in rat and (C) GPR30 in human showing 
mRNA transcripts from various tissues. 5 /xg of poly(A)^ RNA was loaded per lane and probed with radiolabeled fragments encoding each 
gene, under conditions previously described (11). The molecular size is indicated on the right. Autoradiograms of coronal sections of rat 
brain showing the locaUzation of the mRNA for these genes are shown in representative sections at levels relative to bregma at (B) -5.8 
mm for GPR27 and (D) -1.8 mm for GPR30, according to the coordinates by Paxinos and Watson (18). In situ hybridization experiments 
were performed as previously described (19). (CA, hippocampal area of Ammon's horn; CG, central gray; DG, dentate gyrus; IP, interpeduncu- 
lar nucleus; MHb, medial habenular nucleus; PMCo, posteromedial cortical amygdaloid nucleus; PN, paranigral nucleus; PO, primary 
olfactory cortex; PVN, paraventricular nucleus of hypothalamus; RSP, retrosplenial area of cortex; SNC, substantia nigra, compacta; SO, 
supraoptic hypothalamic nucleus; ZI, zona incerta. 



examined, except the hypothalamus (Fig. 2A). GPR30 
mRNA expression was detected in the human Uver, 
basal forebrain, frontal cortex, thalamus, hippocam- 
pus, caudate, £uid putamen (Fig. 2C). GPR35 expres- 
sion was detected in the rat intestine, but not in the 
heart, spleen, liver, lung, ovary, kidney, or whole brain 
(data not shown) and was not detected in human cau- 
date-putamen, thalamus, frontal cortex, pons, cortex, 
midbrain, medium pons, lung, or adrenal. 

In situ hybridization experiments on rat brain sec- 
tions were performed for GPR27 to obtain a more com- 
prehensive brain expression pattern. GPR27 mRNA 
was present in cerebral cortex with the highest levels 
in piriform cortex. Moderate amounts were present in 
anterior cingulate, frontoparietal, and somatosensory 



areas of cortex, but with the signal concentrated in 
layers 1 and 6. GPR27 mRNA was present diffusely 
throughout the caudate putamen and nucleus accum- 
bens, with very dense expression in the olfactory tuber- 
cle, the nucleus of the diagonal band, and the islands of 
Calleja. Several hypothalamic nuclei contained GPR27 
mRNA, with high levels in suprachiasmatic, supraop- 
tic, ventromedial, paraventricular, and arcuate nuclei. 
The medial habenular nucleus and the paraventricular 
nucleus of thalamus expressed moderately high 
amounts of GPR27 mRNA, and somewhat lesser 
amounts were visualized in other thalamic, certain 
amygdaloid, and septal nuclei. Certain amygdaloid nu- 
clei and the hippocampal formation showed dense ex- 
pression in the CAl, CA2, and CAS fields of Ammon's 
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horn and in the dentate gyrus, with moderate expres- 
sion in the central gray and interpeduncular nucleus 
(Fig. 2B). 

GPR30 was also expressed in very discrete areas 
of the brain. The highest expression was in primary 
olfactory cortex, olfactory tubercle, nucleus of the lat- 
eral olfactory tract, hippocampal areas of Ammon's 
horn, and dentate gyrus (Fig. 2D). GPR30 mRNA was 
also densely concentrated in many hypothalamic nu- 
clei, such as the paraventricular, supraoptic, arcuate, 
and suprachiasmatic nuclei. The signal detected in 
caudate nucleus and cortex was diffuse and much less 
abundant. 

To assign the genes encoding GPR30 and GPR35 to 
a human chromosome, fluoresence in situ hybridization 
(FISH) analysis was performed on metaphase chromo- 
somes prepared from lymphocytes using a biotinylated 
phage probe («20 kb) encoding either GPR30 or 
GPR35, as previously described (11). For each probe a 
total of 100 mitotic figures were analyzed; in the case 
of GPR30, 94 specifically bound the probe, and for 
GPR35, 96 specifically bound the probe. DAPI banding 
was performed to assign the signals to a particular 
chromosome, and the signals were further localized by 
superimposing the photographs from the FISH map- 
ping and the DAPI staining (data not shown). As a 
result we were able to assign the gene encoding GPR30 
to chromosome 7, region p22, and that encoding GPR35 
to chromosome 2, region q37.3. 

Future experiments will attempt to determine the 
endogenous ligands that bind to the receptors encoded 
by each respective gene, which will help elucidate a 
physiological role for these receptors. 
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